The furosine content of infant cereals has been used to evaluate the thermal damage caused to those foods during their manufacture (toasting, amylolysis and drying steps). The mean furosine contents of raw and toasted flours were 13·7 and 13·8 mg/100 g of protein, respectively. The furosine content increased to 47·3 mg/100 g of protein after hydrolysis using alpha-amylase. The amylolysis process raised the reducing sugar content from 0·5% for raw samples to 12·7%. The furosine content of infant cereals rose to average levels of 500 mg/100 g of protein after roller-drying. The infant cereals with the highest levels of reducing sugars, with or without soy flour, exhibited the highest furosine contents. Furosine is a useful indicator to evaluate the progress of the Maillard reaction during the amylolysis and roller-drying stages of infant cereals manufacture.
INTRODUCTION processes. These treatments improve the sensory characteristics and starch digestibility, but adverse The manufacture of baby cereals represents a effects can occur. The loss in nutritional quality relatively simple food system where non-enzymic and potentially in safety is attributed to destruction browning involving the Maillard reaction (MR) of essential amino acids, decrease in digestibility, can occur easily. This is due to the type and inhibition of proteolytic and glycolytic enzymes, concentration of the main reagents involved, the interaction with metal ions, and formation of antiwater activity (a w ) of the system during drying, and nutritional and toxic compounds 3, 4 . the time-temperature conditions of the thermal
The evaluation of the early stages of Maillard process 1 . reaction, can be achieved by the determination of Infant cereals must be processed to improve furosine ( -N-(furoylmethyl L-lysine), an amino their dispersibility in liquids and their digestibility acid formed during acid hydrolysis of the Amadori since 3-4-month old babies have a reduced capcompound fructosyl-lysine, lactulosyl-lysine and acity to digest starch. maltulosyl-lysine produced by reaction of -amino Baby cereal processing involves sequential toastgroups of lysine with glucose, lactose and maltose 5 , ing, hydrolysis with alpha-amylase (amylolysis) and respectively. This amino acid has been used to drying stages 2 . During the amylolysis process, the measure the early stages of Maillard reaction, not only in foods 6, 7 , but also in biological samples 8 . In cereal products, furosine determination has been  : HPLC=high performance liquid used to monitor the extent of non-enzymic brownchromatography; PTFE=polytetrafluoroethylene.
ing in cakes 9 and to monitor pasta processing 10 . Reagents preparation Since infant cereals are products for infant feeding, it is of interest to know the extent of Maillard All chemicals were of analytical grade. A furosine reaction during their processing. The objective of standard was prepared by acid hydrolysis ofthis work was to study the early stages of Maillard N-(1-deoxy-D-fructosyl)-L-lysine according to the reaction by furosine determination at the different procedure of Finot et al. 13 and its authenticity steps of infant cereals processing as well as the confirmed by UV and NMR spectroscopy 15 . A usefulness of furosine as a parameter to control standard stock solution, containing 1·2 mg/ the process. 100 mL of furosine, was used to prepare the working standard solution. EXPERIMENTAL
Methods Samples
Infant cereal samples were obtained from a SpanFurosine determination Furosine was determined after hydrolysing the ish dietetic products company 2 . The compositions of samples used in this study are shown in Table  sample (0·15 g) with 10·6  HCl (4·5 mL) at 110°C for 24 h in a Pyrex screw-cap vial with PTFE-I. Single and mixed cereal flours (A) were analysed raw (before being processed), after toasting at faced septa. High-purity helium gas was bubbled through the solution for 2 min 12 . Sample pre-150°C, after hydrolysis of the toasted material with alpha-amylase at 45-50°C, and after rollerparation for HPLC analysis was carried out following the method of Resmini et al.
14 . The drying of the amylase-treated material. Mixed cereal flours (B) with fruits were analysed only hydrolysate was filtered with a medium-grade paper filter. A portion (0·5 mL) of the filtrate was after roller-drying.
Another study was carried out with wheat, rice applied to a Sep-pak C 18 cartridge (Millipore), prewetted with methanol (5 mL) and water (10 mL), and oat flour samples at two toasting temperatures (140°C and 150°C).
then eluted with 3  HCl (3 mL) and evaporated under vacuum. The dried sample was dissolved in Solid samples were stored at −50°C until they were analysed. Hydrolysed samples were freezea mixture (3 mL) of water, acetonitrile and formic acid (95:5:0·2) before HPLC analysis. Samples found in durum wheat semolina in previous studies 10, 18 , but lower values were found in wheat grain. were analysed in duplicate.
Furosine was quantified by ion-pair reversedThese differences may be due to the milling and storage conditions used for the flour. phase HPLC (Beckman System Gold chromatograph) according to the method of Delgado et al. 15 , using a Spherisorb ODS2 5- column Toasted flours Toasting produced changes in furosine content in (250×4·6 mm, i.d.; Phenomenex) operating at room temperature. The mobile phase consisted of the cereal flours studied. Toasted wheat, rice and oat flours had increased furosine contents coma solution of 5m sodium heptane sulphonate with 20% (v/v) acetonitrile and 0·2% (v/v) formic acid.
pared with the raw flours, especially rice (7·3 mg/ 100 g of protein). The furosine values for rice-corn The elution was isocratic and the flow rate was 1·2 mL/min. The UV detector (Beckman) was set and rice-corn-soy flours decreased after toasting, however (Table II) . a 280 nm and the injection volume was 50 L. Calibration of the chromatographic system for Since the usual temperatures used in commercial toasting processes are close to 140-150°C, furosine determination was made by the external standard method.
a study of the influence of temperature on Maillard reaction was carried out with other single infant cereal flour samples (Table III) . Toasting at 150°C Protein and reducing sugars determination gave a lower furosine content for wheat flour than Protein determination was carried out by the Kjeltoasting at 140°C, whereas, for rice and oat flours, dahl method 16 . Reducing sugars were determined the higher temperature gave rise to greater levels by a titrimetric method 17 . of furosine. This observation may be explained by the degradation of the Amadori compound under RESULTS AND DISCUSSION the more severe heat treatment and a low content reducing sugar in flours. Previous studies 19,20 of The precision of the entire assay procedure innon-enzymic browning have shown that the including acid hydrolysis, sample preparation, and crease in furosine is linear during the initial phase RP-HPLC analysis was evaluated for toasted of heating but that in the later stages of the wheat samples (n=7). The relative standard deMaillard reaction furosine content decreases. viation (RSD) was 6·21% obtained on a sample with an average furosine value of 14·3 mg/100 g Alpha-amylase hydrolysed flours of protein. The relative standard deviation (RSD)
As would be expected, the reducing sugar content for samples with high levels of furosine was increased during amylolysis of the toasted cereal 3·73% 12 . flours (Table IV) , favouring the Maillard reaction, and thus leading to increased furosine contents in all the samples (Table II) , but especially in samples Single and mixture of cereal (A) samples where rice flour was present in high proportion. processing This was also observed for the product containing Figure 1 shows the HPLC chromatograms of fueight cereals and honey. A large increase in furosine at different stages of infant oat flour prorosine content was observed for the rice flour cessing. The greatest increase in furosine content sample, which was six times greater than that was observed during the final roller-drying step.
observed for the toasted sample, but smaller inThe furosine contents after the different processing creases were observed for wheat and oats. The steps of the samples studied are shown in Table  reducing sugar content of the amylase-hydrolysed II.
toasted rice flour sample was 22·8% (w/w) and for wheat and oat approximately 8% (w/w).
Raw flours
The furosine contents of raw cereal flours ranged
Roller-dried flours Furosine levels in the roller-dried samples infrom only trace levels (rice flour) through 10·6 mg/ 100 g protein (wheat flour) to 23 mg/100 g of prodicated a higher level of damage than for the toasted or the toasted and amylase-hydrolysed tein (rice-corn flour) (Table II) . Furosine in raw flour samples may originate during grain growth, samples. The furosine content of the roller-dried rice sample (816 mg/100 g of protein) was much milling or storage. Similar levels of furosine were greater than those for the roller-dried oat (143 mg/ proportion of wheat, had higher furosine contents after roller-drying than the corresponding single 100 g of protein) and wheat (176 mg/100 g of protein) samples (Table II) . Samples containing wheat sample; this could be due to the presence of soy in their formulation. The presence of honey seven or eight cereals, which contained a high The furosine levels found in the ingredients are showed in Table V . Banana powder had a higher furosine content than orange powder. The latter as from the powder ingredients added.
In conclusion, during the processing of infant cereal flours, furosine is mainly formed during the in the product containing eight cereals may explain roller-drying step, since at this stage there is a the high level of furosine in that sample. combination of high temperature, intermediate a w Infant cereal samples with a large proportion and increased reducing sugar levels. Considerable of rice had high furosine values; this cereal seems increases in furosine contents were also observed the most susceptible to Maillard browning reduring the amylolytic hydrolysis step. Furosine action.
may therefore be a good indicator of the degree The Maillard reaction is maximal at water acof Maillard reaction induced damage during the tivity values in the range 0·5-0·7 21 . Thus, during processing of infant cereal foods, and it may be the roller-drying process, intermediate moisture possible to use it as a quality parameter for this systems are produced and lysine losses increased dramatically.
type of infant food. 
